Objectives-To estimate the risk of cancer and death in Swedish insulation workers some years after their exposure to asbestos had stopped. One hypothesis was that the risk of lung cancer would tend to decrease some years after the exposure had ended. Methods-In a cohort study the cancer morbidity and cause of death was investigated in 248 insulation workers and compared with the corresponding morbidity and mortality in the general population. Due to stringent regulations, exposure to asbestos of all types had almost ended in Sweden in the mid-1970s. Through a questionnaire, surviving insulation workers were asked about their exposure to asbestos and their smoking habits. Results-Between 1970 and 1994 there were 86 deaths compared with the 46.0 expected (standardised incidence ratio (SIR) 1.9; 95% confidence interval (95% CI) 1.5 to 2.3), the increase was mainly due to an increased cancer mortality. The morbidity was increased for lung cancer (11 cases v 2.5 expected (SIR 4.4; 95% CI 2.2 to 7.9)), peritoneal mesothelioma (seven cases; no expected incidence could be calculated as the occurrence is too rare in the general population), cancer in pancreas (five cases v 0.7 expected (SIR 7.1; 95% CI 2.3 to 16.7)). No cases of pleural mesothelioma were found. The risk of lung cancer did not tend to approach that of the general population after the exposure to asbestos decreased. Conclusions-In the 1980s and the early 1990s, Swedish insulation workers still have a highly increased risk of diseases related to asbestos. The attributable risk for death and cancer was about 50%. The study also confirms the previous finding that mesothelioma in insulation workers seems to be situated in the peritoneum more often than in the pleura. (Occup Environ Med 1998;55:766-770) 
The risk for cancer after exposure to asbestos varies for diVerent occupational groups. 1 Both the degree of risk and the distribution between diVerent types and sites of tumours varies. Most studies have found a high ratio of pleural to peritoneal mesotheliomas, but a few studies have shown a higher incidence of peritoneal than pleural mesotheliomas-for example, among insulation workers. 2 In a study of shipyard workers in Göteborg, we found an increased risk of pleural mesothelioma but no cases of peritoneal mesothelioma. 3 Some years after the exposure to asbestos had ended, the risk of lung cancer among those shipyard workers was not increased, yet they had an increased risk of pleural mesothelioma, indicating that asbestos mainly acts as a promotor in the carcinogenesis of lung cancer.
The objective of this study was to investigate the occurrence of lung cancer and mesothelioma in Swedish insulation workers, at a time some years after the exposure to asbestos had stopped. Furthermore, we use the results to discuss possible mechanisms for the carcinogenic eVect of asbestos. This study is a follow up to a previously published study which detailed the risk of cancer during the 1970s. 4 
Subjects and methods
This is a historical cohort study in which cancer morbidity and mortality in insulation workers was compared with that of the general population.
A former union representative listed all insulation workers aYliated with the Construction Workers Association in Göteborg in the late 1960s. This list contained 272 people, all men. Three men were on the list twice. The men on this list constituted the exposed workers in this cohort study. The list contains no information other than the names and personal numbersfor example, no information about employment time, smoking habits, or exposure to asbestos.
By linking the insulation workers' personal numbers with the death register and cancer register of Sweden, the number of deaths, cause of death, and morbidity from cancer were found. The cancer register was established in 1958, and the death register has been computerised since 1952. At the time of the linkage, the causes of death could be obtained up to 1994, and the cancer morbidity up to 1992.
To ensure the completeness of the follow up, the personal numbers were also linked to the register of the population presently living in Sweden, and the register of emigrants, where one man was found. Sixteen people were not found in any of the registers and were excluded from the analysis.
The study was approved by the Committee of Ethics at the university and by the Data Inspectorate. Approval from the Data Inspectorate required that all living insulators be asked whether they agreed to participate in the linkage. A letter was sent to all of the living men and five insulation workers notified us and said that they wanted to be removed from the regis-ter. There was no obligation to ask relatives of deceased workers and consequently all deceased workers were included in the analysis.
During the study, the Data Inspectorate informed us that the computerised register of the insulation workers should not be destroyed but may be stored at the national archives. However, we were also requested to inform the living workers about this decision. We therefore sent the living men a letter about the storage. We also included a short questionnaire about smoking habits, the use of asbestos, and the types of asbestos they had used. The questionnaire was sent to 173 workers and 98 (57%) replied. No one refused to be included in the register that would be stored. In total, the cohort consists of 248 men (269 minus five refusers and 16 not found in registers).
The expected cancer incidence and mortality were calculated by the person-year method. 5 Each man contributed person-years from 1970 until the year of death, the year of emigration, or until the age of 84. Mortalities and cancer incidences stratified for calendar year (one year interval), age group (5 year intervals) and sex for the general population were available from the death register and cancer register respectively. The national death register contains the underlying cause of death and contributing causes of death. The national cancer register started in 1958 and reporting is mandatory for all causes of cancer at the time of diagnosis.
Ninety five per cent confidence intervals (95% CIs) of risk ratios (RRs) were calculated assuming a poisson distribution. The study is small; the expected number of lung cancers in the more recent period is .2 and only RRs of >4 can be determined with a power of 0.8. However, the expected number of incident cases of cancer of all sites is about 15 for the more recent period and an RR of >2 can be detected with a power of 0.8.
Results
The years of birth of the insulation workers are presented in table 1, the oldest workers were born in 1901 and the youngest in 1952. The usual time of retirement in the late 1960s was 67 years.
The mortality among the insulation workers was higher than in the general population between 1970 and 1994 (RR 1.9; 95% CI 1.5 to 2.3), mainly due to a highly increased risk of cancer (table 2) . However, the mortality in non-malignant lung disease was significantly increased, seven cases versus 2.4 expected. There was just one case of asbestosis as a underlying cause of death. The other causes of death in non-malignant lung diseases were five cases of pneumonia and one case of asthma. The mortality from all causes increased less in 1970-9 than in 1980-94, but the precision of the estimates is not suYcient to exclude a similar risk, table 1.
An analysis of cancer morbidity showed significantly increased incidences of bronchial cancer (RR 4.4, 95% CI 2.2 to 7.9), peritoneal mesothelioma, and pancreatic cancer (table 3) . However, there was no case of pleural mesothelioma. In the cancer register five of the bronchial cancers were classified as squamous cell carcinomas, one as adenocarcinoma, four as oat cell cancers, and one was not classified. The standardised rate ratios (SRRs) were calculated for cancer of all sites and bronchial cancer based on the age distribution of personyears for the total period 1970-92 to make a comparison between the two periods 1970-9 and 1980-92. The SRRs were 4.0 (95% CI 0.8 to 11.7) and 5.0 (95% CI 2.1 to 9.8) respectively for lung cancer and 1.5 (95% CI 0.7 to 2.7) and 1.4 (95% CI 0.9 to 2.0) for all sites. The number of peritoneal mesotheliomas in the general population are too few for a SRR analysis. The crude incidences were similar for the two periods (1.3 and 1.6 cases per 1000 person-years respectively (table 3)). Between 1980 and 1992 the attributable risk for all causes of death was 53%, and 52% for all sites of cancer.
Based on the questionnaire, 19% of the men answered that they were smokers, 55% exsmokers, and 25% non-smokers.
EXPOSURE
In Sweden the use of asbestos, including chrysotile, was strictly regulated in the mid-1970s. The regulation resulted in a drop in the importation of raw asbestos to Sweden to drop from about 18 000-200 00 tonnes in the 1960s and beginning of the 1970s to around 1000 tonnes, in the late 1970s. Twelve per cent of the insulation workers answering the questionnaire said that they had never worked with asbestos, 87% answered that they had worked with white asbestos (chrysotile), 51% with brown asbestos (amosite), and 43% with blue asbestos (crocidolite) sometimes or often. However, about 30% reported that they did not know if they had worked with brown or blue asbestos. Their mean (range) exposure time to asbestos was 14.4 (0-46) years.
Discussion
This study shows that Swedish insulators have an increased risk of lung cancer several years after their exposure to asbestos has stopped. Furthermore, it shows that there is a considerably increased risk of peritoneal mesothelioma but there was no case of pleural mesothelioma.
ASPECTS OF VALIDITY
The loss of follow up in this cohort study is rather small and will probably not influence the results. The most probable reason for the loss to follow up is either wrong personal number or that the workers have emigrated without notifying the authorities. Insulation workers have often been employed by subcontractors. Some of the men may just have been temporary workers in Sweden. However, a loss to follow up due to death may have resulted in an underestimated risk. Thus, the findings may be conservative. This is a small study with consequently low precision in point estimates of the RR. A moderately increased RR, <2, for lung cancer would be impossible to detect. One major hypothesis was that the risk of lung cancer would decrease some years after the exposure had decreased substantially, but even if the estimates have wide 95% CIs, there is no indication that the risk in the more recent period is similar to that of the general population (table 3) .
According to the Data Inspectorate we had to notify all living insulation workers and inform them that we were establishing a computerised register including their personal numbers. Only those workers that notified us and told us that they did not want to be a member of the register were excluded. Those who did not reply were allowed to be included in the register. However, as those who were excluded were living the expected numbers will be somewhat underestimated for all causes of death. Also the expected morbidity of cancers is underestimated, especially for sites with a poor prognosis. However, only five people refused to be included and such a small exclusion will only marginally influence the expected rates.
All diagnoses were based on information received from the cancer register and death register. Studies of the cancer register have shown that the diagnoses are accurate. Mesotheliomas are only accepted in the register if they are based on histological examinations. Thus, the number of mesotheliomas may be underestimated through this procedure. The completeness of the register does seem to be high. A study by Mattson and Wallgren 6 found that about 3% of the cancers of the trachea, bronchus, lung, and pleura were not reported. The studies of insulation workers from the United States have found that the number of mesotheliomas increased if all cases were reviewed by a trained pathologist. 7 However, there should be no bias from exposure status as the same procedure is done with both the exposed insulation workers and the reference group, the general population.
LUNG CANCER
Our study shows an increased risk of lung cancer of similar size to another study of insulation workers; SelikoV et al 7 found an RR of 4.6 in United States and Canadian insulation workers. There is no indication that the risks of lung cancer have decreased in the 1980s when the exposure of asbestos ended in Sweden. A study of Swedish shipyard workers from the same city as the insulation workers found no increased risk of lung cancer 7-15 years after the exposure to asbestos had stopped. 3 Some other studies have also indicated that the risk of lung cancer may decrease after the exposure to asbestos has stopped. 8 The mechanism for such a decrease may be that asbestos acts primarily as a promoter and cocarcinogen in causing lung cancer, and it also acts as an initiator in causing mesothelioma. 9 If asbestos acts primarily as a cocarcinogen or promoter, the risk should decrease some years after the exposure has stopped. Thus, the risk of lung cancer after asbestos exposure has stopped seems to be diVerent in the insulation workers and the shipyard workers. This diVerence may be due to the type of asbestos to which these workers have been exposed. Shipyard workers were mostly exposed to chrysotile whereas the insulation workers often worked with amphiboles. About 50% of the insulation workers that answered the questionnaire confirmed that they had been working either with amosite or crocidolite sometimes or often. However, shipyard workers had often had indirect exposure to amosite, which was used in spray insulation of the ships during the 1950s, 1960s, and early 1970s. The spraying was done by subcontracted insulation workers. The questionnaire in 1996 indicated that 19% of the insulation workers were current smokers. The percentage of daily smokers among Swedish men was between 14% and 30% in 1995 in men born between 1911 and 1950.
10 Thus, the current smoking habits of the insulation workers interviewed seem to be similar to the habits in the reference population. However, we only got information about smoking habits from 98 people and their smoking habits may be diVerent from the dead workers and those who did not reply. The smoking habits could therefore be underestimated, but we think it is unlikely that heavy smoking habits would explain the highly increased risk in lung cancer.
PERITONEAL AND PLEURAL MESOTHELIOMA
Most studies of workers exposed to asbestos have indicated a higher risk of pleural than peritoneal mesothelioma. 1 There were 108 male cases of pleural mesotheliomas in Sweden, and five cases of peritoneal mesothelioma in 1992. Other studies of insulation workers have indicated a higher risk of mesothelioma in the peritoneum than in the pleura. 7 11 A study of American and Canadian insulation workers found 112 cases of peritoneal mesothelioma and 63 cases of pleural mesothelioma after reviewing and reclassifying the diagnosis. If the corresponding ratio between peritoneal and pleural mesothelioma had occurred in this study there would have been 3.9 cases of pleural mesothelioma but there were none. This diVerence is unlikely to be due to chance (p=0.02). In a study in the London area, Browne and Smith 2 found a similar number of peritoneal and pleural mesotheliomas in laggers. Applying a ratio of 1:1 seven cases of pleural mesothelioma would have been expected in our study (p=0.001). In a study of Swedish shipyard workers from the same city there were 11 cases of pleural mesothelioma in 35 155.8 person-years. If the same rate had been applied to this cohort of insulation workers there would have been 1.5 cases of pleural mesothelioma (4874.5 person-years (11cases)/ 35 155.8 person-years). The diVerence between no case and 1.5 expected is not unlikely (p=0.2). The insulation workers in this cohort are somewhat older than the shipyard workers and the expected number should be higher if an age adjusted rate had been calculated.
Thus, compared with other studies the incidence of pleural mesothelioma in this study was low, but due to the small size this may be due to chance.
The distribution of mesotheliomas in the peritoneum and pleura has already been discussed by Browne and Smith.
2 They compared the latency period, exposure time, association with asbestosis, severity of exposure, and fibre type and concluded that it was most probably the level of exposure, the opening of fibre bundles, and amount of contaminating dust-for example, from fillers-that would explain the high incidence of peritoneal to pleural ratio in some occupational groups. They found the evidence weak that fibre type would influence the ratio.
Another review indicated that the site of the mesothelioma mainly depends on fibre type. 12 The review concluded that workers exposed to amosite had similar risks of peritoneal and pleural mesothelioma, almost all cases of mesothelioma attributed to chrysotile were pleural, whereas the evidence for crocidolite as a cause for peritoneal mesothelioma were inconsistent. However, diVerent types of persistent fibres deposited in the peritoneum cause peritoneal mesothelioma in animal experiments. 13 Furthermore, the importance of the dose gets some support from the finding that eronite, a very persistent fibre, mainly causes pleural mesothelioma at a high rate at very low exposure levels in humans. 14 
OTHER SITES OF CANCER
There also seems to have been an increased risk of cancer of the pancreas among these insulation workers. Some of these cases may be misclassified peritoneal mesotheliomas. A United States study of insulation workers showed that of 49 cases of pancreatic cancer among insulation workers 26 were reclassified after a review of the diagnosis; 16 of the reclassified cases were classified as peritoneal mesothelioma. 15 Furthermore, the increased incidence of cancer at unknown sites of origin may also partly be misclassified tumours of the lung or peritoneum. Some other studies have indicated an increased risk of cancer of the stomach, large bowel, and rectum in workers exposed to asbestos. 7 This study has little power to detect a moderate RR and there is no indication of an increased incidence of these sites.
ATTRIBUTABLE RISK
The increased mortality and cancer morbidity in these workers seem to be mainly caused by asbestos. The attributable risk during the 1980s and early 1990s was about 50% for death from all causes and cancer of all sites. Thus more than every second death and case of cancer could have been prevented if the exposure to asbestos had not occurred among these insulation workers.
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